ABSTRACT
Introduction
week (Dec. [17] [18] [19] [20] [21] [22] . This allows us to use multiple-day averaged chlorophyll data to avoid the 
122
In summary, both the SST and chlorophyll data suggest that eddy-related upwelling took place 123 within an area described by an anti-clockwise trajectory (radially inward) of the freed MOBY 
Eddy Intensity

127
To estimate the eddy intensity, the velocity of the eddy is calculated from the MOBY trajectory tance from the eddy's center, its tangential speed should be constant (i.e., approximate solid-body 132 rotation at a given distance from the axis of rotation). To understand the dramatic change in the
133
Lagrangian speed, the motion of MOBY is projected onto the zonal and meridional directions.
134
From the upper-right and lower-left panels in Fig. 4 , it can be clearly seen how the change takes 135 place. Along the zonal direction, the MOBY speed before and after it passed the west-east turn-
136
ing point decreased dramatically from 40.19cms −1 to 13.77cms −1 , however the speeds along the 137 meriodional direction do not change before and after the west-east turning point though there is 138 small change at the turning point from the northward to southward. To understand this dramatic 139 change in the speed, the velocity derived from the drift location data is decomposed into several 140 terms according to its different momentum sources.
141
MOBY was not designed to be a Lagrangian drifter, so points devoted to its forced motion bear discussion. After MOBY broke from the mooring, it oscillated at the air-sea interface. The wind, oceanic waves and eddy currents could all have varying degrees of direct effects on MOBY's motion. The Lagrangian current, derived from the Argos location data, can be decomposed as follows, U lagran = U euler + U stokes = U ekman + U geost + U res + U eddy + U stokes
where U lagran , U euler and U stokes are the Lagrangian, Eulerian and Stokes current, respectively.
142
The Eulerian current U euler includes three parts: the one is the Ekman drift U ekman due to the 143 sea surface wind, the sea surface geostrophic current U geost due to the surface pressure, U res due
144
to the nonlinearity, and U eddy is the azimuthal current around the eddy given the eddy shape is 145 circular. The current for the eddy, i.e., , the azimuthal velocity, is almost constant along the circular 146 eddy at the presumed constant radial distance from the eddy's center.
147
The first three terms on the right side of equation (1) 
along with the linear dispersion relation:
where H sig is significant wave height; z is vertical coordinate (z = 0 for the surface drift); h is 165 local water depth; ω is wave frequency; k is wavenumber vector and k is its magnitude; and g is 166 the gravitational constant. We make use of the in situ wave data from two NDBC roll-pitch buoys (Fig. 7) .
173
In summary, the dramatic change in the Lagrangian current in the zonal direction before and 174 after the west-east turning point is due to the Ekman drift and geostrophic current (the residual 175 current can be neglected). The small change in the Lagrangian current in the meridional direction 176 in the course of the MOBY drifting is because the Ekman drift and the geostrophic current are 177 neglectable and the Stoke drift is in a small magnitude. In the first order of approximation, before the east-west turning point (see Fig. 4 ), the mean zonal speed for the eddy can be estimated as 
Speculation on Eddy Generation
193
The time series of the SST from the GOES (Fig. 2) show the cooler temperature at the eddy site is 194 generated locally other than remotely. It implies the eddy could be generated by the local external 
215
We developed two-level offline nesting grids using the Regional Oceanic Model System (ROMS) is north-south symmetry in cyclonic and anticylonic eddy generation on the lee side of an island.
244
When the trade winds (northeasterly generally) pass the islands from the east, the positive (nega-245 tive) wind stress curl is generated on the north (south) flank of the lee side of the islands, which within the young cold-core eddy suggests nutrient export from depth to the surface (upwelling at 264 the eddy center), which is vital to the marine primary productivity in this nutrient-deficient water.
265
The dramatic changes in the Lagrangian velocity of MOBY are due to the westward Ekman drift 266 and background geostrphic current. The estimate of its intensity shows it is a strong eddy.
267
An offline two-level nesting numerical model (ROMS) was applied to simulate the eddy forma- 
274
The present analysis of the trajectory of the free-drifting MOBY is incorporated with the satellite inspired by E-Flux ship-based operations, will be presented in a separate paper by Nencioli et al.
294
(2009).
295
Velocity fields associated with mesoscale cyclones and anticyclones are characterized by com- anticyclonic, whereas if it changes from positive to negative, then it is cyclonic.
314
For the next step, the algorithm analyzes latitudinal sections of u across the points for which the 315 constraints on v are satisfied. Similar to the v-component, the value of u has to change in sign 316 across these points and has to increase in magnitude two points away northwards and southwards.
317
Moreover the sense of rotation of u has to be compatible with the one of v for the same point.
318
That is, u has to change from negative to positive (progress from south to north) if the rotation is 319 anticyclonic, and from positive to negative if it is cyclonic.
320
Points for which both constraints on v and u are satisfied are expected to be relatively close to the 321 eddy center. Therefore, for each of those points, the algorithm searches for the velocity minimum 322 within a searching area of 7 numerical grid points ( 22.5 km). A second search is then performed,
323
this time with the searching area centered at the grid point where the first minimum was found.
324
and, therefore, are assumed to be possible locations of an eddy center.
326
At these points, the algorithm performs a last control on the velocity distribution along the two then the search is performed at t+2, and the searching area increased to 21 grid points ( 68 km)
342
(this is to prevent the algorithm from recording two distinct eddies, the same eddy was not be 343 detected during a particular day because it is too weak or too asymmetric). If even at t+2 no 344 centers are detected, then the eddy is considered dissipated and the track for that specific eddy is 345 closed. Again, the eddy tracking illustrated in Fig. 10 followed this methodology.
Identification algorithms and eddy spatio-temporal patterns, Prog. in Oceanogr.,79, 106-119, computed with respect to the spatial mean of the day the eddy was detected.
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FIGURE CAPTIONS
468 Fig. 1 The trajectory of MOBY during the period after it broke free from its mooring and before 18-24, 2007) at the sea surface during the period when the cyclonic eddy formed and developed.
476
The colorbar is shown with a logarithmic scale and the data in the unit of mgm Table 1 : Cyclonic and anticyclonic eddy statistics averaged over 3 years of simulation. All eddies with lifetime longer than 4 days were included in the computation. Population is the average number of cyclones and anticyclones inside the area at any given day. The fourth column is the average value of the mean amplitude of the temperature gradient within each eddy. The last three rows are the averages of the maximum anomalies found within the eddies. The anomalies were computed with respect to the spatial mean of the day the eddy was detected. The patterns shows that on the northern (southern) lee flank of the Big Island of Hawaii, there are more cyclonic (anticyclonic) eddies generated. The box of solid black lines is the area where the statistic analysis is applied. On the northern (southern) lee flank of the group of middle islands, there are more cyclonic (anticyclonic) eddies. This is consistent with the argument that there is symmetry in cyclonic and anticylonic eddy generation on the lee side of an island.
